INTRODUCTION
The heat treatment of forged balls remains a secret technique that is not disclosed by suppliers. Steels ranging from low to high carbon and alloying element contents cover different grades of forged steels on the market. These balls are supplied in different sizes from 20 to 120mm with a surface hardness varying between 55 and 64 HRC, a core hardness varying between 38 and 50HRC and a toughness greater than 12 J / cm2 [1] [2] [3] . The high surface hardness values of the balls reduce the material wear suitability under the effect of multiple stresses [4] . Forged balls have a better wear behavior than chrome and ADI cast iron [5] .
There is no recent research work focusing on wear behavior of forged balls as available on chromium cast iron. This feature does not appear to be widely investigated by researches works as well as the tribological behavior of steel forged balls. The tribological and wear behavior studies of grinding balls are necessary to elucidate the grinding bodies 'performance in different environments. The tribological study is crucial for numerous mechanism because it helps to understand the phenomena involved during the contact between the moving materials and estimate their life cycle [6] [7] [8] . The type of materials, the nature of the contact surfaces and the operating conditions influence the mechanism of the generated wear [9] . The contacting surface is mostly composed of different depths asperities. According to the applied load and the metals hardness, these asperities can initiate elastic or plastic deformation.
Actually, rough surfaces compared to smooth ones are speedily wearable because of their higher friction coefficients [8] . The surface roughness represents contact points between two engineering surfaces in contact. The different depth asperities between these surfaces can initiates deformations. A tribological study is based on several important parameters. During material contact, friction and wear depend on the operating conditions of the environment and the properties of the surfaces in contact. M. Codet et al [10] following a study on the mechanical effects introduced by the formation and presence of surface films showed that the topography of the surfaces in contact plays a major role and regulates the friction and wear phenomena. This topography, represented by the surfaces roughness and undulation, is generally influenced by the manufacturing process of the studied material (machining, raw state, shaping,... etc). The roughness is an important parameter to be taken into account during friction contact. It affects the factors governing the phenomenon involved during wear, the mode contact and the interfacial behavior of the third body [11, 12] . During the ball-steel contact and following the rotational movement, friction and lack of lubrication causes an increase in temperature on the contacting surface. The increase in temperature promotes microstructural transformations and consequently induces changes in material properties. The third body, in our case represented by debris generated by the contact ball material contributes to surface degradation [13, 14] . This paper focuses on the tribological behavior of forged steel before and after heat treatment. The aim is to see the effect of the processing temperature on the tribological behavior of a forged steel intended for grinding raw material intended for cement industry. A normal load of 10 N is applied to estimate the generated wear. Microhardness measurements across the wear track, optical macrographs, 3D micrographics views and roughness measurements were performed on the wear tracks generated under a 10 N normal load.
EXPERIMENTAL TECHNIQUES
The chemical composition of the studied steel is listed in table 1. Specimens were cut from steel bars then forged respecting the process sheet given in figure 1 and cut under lubrication in order to avoid any microstructural transformation. The samples are heat treated (quenching and tempering) using three austenitization temperatures according to details given in figure 2. All the tests cited in this work are carried out on the as forged and heat treated forged samples. Triboogical tests using a CSM tribometer instrument are executed by using parameters indicated on table2. Metallographic observations were performed on an optical microscope Nikon Eclipse LV150N and a scanning electron microscope type QUANTA 250. The goal is to visualize the type of wear that occurred as well as a 3D profile of the wear track. Surface roughness measurements of the generated groove are carried on an Altisurf 500 3D roughness device. Vickers hardness test are conducted on the samples using 20Kg Microhardness tests using a ZIES microdurometer device. The microhardness measurement was performed across the wear track for each studied sample as showed on figure 3. The purpose is to observe the effect of the applied parameters (load, speed and distance) on the microhardness variation and estimate the transformations that may occurred during material-ball contact. 
Results
The chemical analysis (table 1) shows that the investigated material is a XC38 steel grade. It is intended for heat treatment and forging. Figure 4 presents the friction coefficient curves obtained on the as-forged and heat treated forged steels under a normal load of 10 N on 20 meter travelling distance. It is well noted that the friction coefficient is affected by the change of the heat treatment temperature. Affecting a rise in the austenitization temperature induces a change in friction coefficient. The effect of the heat treatment temperature is detectable on the obtained friction coefficient curves shape. We notice that the lowest friction coefficient is reached at 870°.It is clearly visible that the coefficient of friction reaches an average value of 0.4 after 5 m of travel for all samples except the sample treated at 1150°C.
Figure 4. Effect of the austenitizing temperature on the friction coefficient

Metallographic observation of wear track
Figures 5 show the 3D wear track topographies of the as forged and heat treated forged samples for the normal applied forces of 10N. It can be seen from these figures that the influence of heat treatment and applied load is well confirmed on macrographs. On the 3D views of all the studied samples, we note the presence of junctions along the wear tracks showing that the material torn off was not ejected outside the groove but the local temperature contributed to its adherence to the ball's path. Cavities are also detected explaining abrasive wear, with a pronounced adhesion. 
Microhardness throughout the wear grooves
The microhardness values taken through the wear grooves for each studied sample are summarized in Table 3 . It can be seen that the increase in the austenitization temperature contributes to an increase in hardness on the wear grooves. The variation in temperature of austenitization promotes microstructural change. The sliding ball, under a normal load of 10N contributes to microstructural transformation along the wear track. This results in structural transformations that are interpreted as an increase in hardness in the ball travel. This aspect needs to be further investigated in order to clarify the type of transformation that has taken place and also the type of phases that have been formed.
Tableau 3. Average microhardness values
Samples
Hv inside the groove Hv outside the groove 
SEM microscopy
The SEM micrographs obtained on the wear grooves of the different samples studied are presented in figure 6 . The ball -forged steel surface contact, under the normal applied force 10N and applied speed, generates the emergence of the third body. It is well indicated on all the obtained SEM micrographs. This third body consists of torn fragments coming from the ball or the steel sample. It remains trapped between the contacting surfaces [14] . The third body can play the role of partial or total separation between the two materials in contact and influence the studied phenomenon.
The initial roughness of the sample defines the actual contact surface between the materials and thus a high roughness illustrates a low contact surface and therefore limits the adhesion phenomenon. It was reported that the shape and orientation of the roughness constitute a path of circulation or retention of the third body [15] . The effect of roughness is highlighted when applying a normal load. In this case, contact is only made at the level of undulations and surface irregularities. Physical contact only takes place at these places called junctions [10, 11, 17] . Joints along the wear grooves show that the material torn-off after the sample-ball contact was not ejected outside the groove and the high local temperature contributed to its adhesion to some areas of the ball's path. Adhesive wear is shown on almost all micrographs. This type of wear is characterized by the transfer of debris following a tearing of the material and constitutes junctions that affect the roughness of the surface of the material. Depending on the test duration and the applied force, the temperature increases at the contact points that can cause transformations and even cause an adhesion of the generated debris on the surface of the material.
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During contact and under the effect of the applied force and rotational speed, a strong bond is created between the two contacting surfaces and leads to the creation of junctions between the two moving materials at the contact asperities. If adhesion and sliding occur, wear will be generated. When the ball and the studied samples are in dynamic contact, an adhesion is created. This adhesion is manifested in the form of strong bonds leading to the formation of junctions between the two materials at the level of the asperities in contact. Some junctions can cause the scratching of material particles, which are usually transferred to the surface of the opposing body. This particle can then be ejected later as debris. This debris, under the effect of the temperature generated by movement and contact, can stay on the path of the ball and adhere to the surface of the sample.
3D surface views
The 3D surfaces views obtained on Alti surf 500 device are showed on figure 7. A net difference in surfaces topography of the tested samples is highlighted. The effect of the austenitizing temperature is also noticed on the different figures. These figures show the wear depth obtained for every sample and for all the treatment temperatures used in this work. 
Conclusions
The effect of the temperature of austenitization on the tribological behavior of forged steel was conducted. The following conclusions can be drawn:
 The austenitizing temperature affects visibly the friction coefficient of the studied material.  The 3D views obtained on the as forged and heat treated forged samples show the effect of the increase of the autenitizing temperature on wear grooves generated by appliying a normal load of 10N.  A net effect on the microhardness Hv, measured across the wear grooves, for each treatment temperature is observed. A proportional relationship is noted. The fluctuation of the micro-hardness values inside the wear grooves proves that a microstructural transformation has taken place during the ball-sample contact.  An adhesive wear is shown everywhere in the micrographs. This type of wear is characterized by the transfer of debris of the material and forms junctions that affect the roughness of the material surface.  Cavities are also detected explaining abrasive wear.
